In this work, hierarchical porous resins (PRs) are fabricated and applied as novel adsorbent for removal of oily substance. The oil/water (o/w) high internal phase emulsions (HIPEs), stabilized by phenolic resin precursor and tween 80, were used as the template for simultaneous polymerization of aqueous phase, methenamine, sodium persulfate and liquid paraffin. Subsequently, dopamine hydrochloride, 1-dodecanethiol and Fe 3 O 4 particles are grafted onto the interface of PRs via adhesion of dopamine and Markel addition reaction between quinone groups on dopamine and sulfhydryl groups on 1-dodecanethiol. The as-prepared composites possessed hydrophobicity and magnetic property (HPRs). The physical and chemical properties, morphology and adsorption properties of HPRs are characterized by XRD, FT-IR, TGA, SEM, N 2 adsorptiondesorption isotherms. The as-synthesized HPRs composites had a typical hierarchical porous structure, and the resulted macropores with a well-defined open-cell and interconnecting pore throat structure could be controlled via the composition of the aqueous phase of emulsion. The hierarchical porous structure of HPRs contained macropores ranging from 0.3 µm to 4 µm and mesopores of 11.26 nm. HPRs have rough and hydrophobic surface (water contact angle of 130 ∘ ) with specific surface area of 15.06 m 2 /g and pore volume of 0.0349 cm 3 /g. The oil adsorption rate and the oil retention rate for toluene are 11.765 g/g and 86.43%, respectively. The oil adsorption rate in the first minute can reach more than 80% of the highest oil adsorption rate. The oil adsorption rate of HPRs after three recycling experiments can still reach 87.32% of the first-time oil adsorption rate.
Introduction
Nowadays, with the rapid development of petrochemical and transportation industries, environmental pollution problems caused by oil spilling accidents and oily sewage disposal make a serious threat to ecosystem and human life. Thus, there is an urgent requirement to find fast and effective methods to control oily substances pollution. Conventional oil adsorbing materials adsorb oily substances on the surface or within the capillaries, which have disadvantages such as small oil adsorption capacity, poor oil retention performance, and slow adsorption rate. The development of new efficient oil adsorbing materials has gained more attention [1] .
In recent years, a large number of oil adsorbing materials have been developed and studied, including surface hydrophobic modification of hydrophobic lipophilic sponge [2] , nanofiber [3] , porous nitrocellulose [4] , modified metal net [5] and graphene bubble [6] . Oil adsorbing porous polymers have attracted more attention because of their light quality, high strength, large specific surface area and huge adsorption capacity. Atta fabricated porous polymer oil absorbents from non-woven polyethylene terephthalate fibers modified by the adherence of crosslinked polymer coatings to the fiber surface, which showed higher porosity and a high sorption capacity [7] . The porous polymers can be synthesized by direct synthesis method [8] , interfacial polymerization9, breathing figure method [10] , emulsion polymerization [11] and high internal phase emulsions (HIPEs) template method [12] [13] [14] .
The HIPEs polymerization is mostly applied for the synthesis of zwitterionic hydrogels [15, 16] and so on, but rarely reported in the oil and water separation, which is an area that can be explored. Eissa and Cameron described the preparation of highly porous monolithic polymers (poly-HIPEs) by emulsion templating and thiol-ene/yne photopolymerisation. Issues associated with monomer solubility and/or stability of the produced high internal phase emulsion are solved [17] . In the poly-HIPEs, porous poly samples with total porosity up to 91%, porous polyHIPEs monoliths have open cellular morphology with cavity diameters between sub-µm and 30-µm [18] .
In a general way, the hydrophilic property of the polymers synthesized by HIPEs depends on the monomers of materials, and an increase in hydrophobicity of adsorbent will also enhance the adsorption capability of materials for oil contaiminations [19] . Materials polymerized from the w/o emulsion where hydrophobic monomer dissolved in the oil acts as continuous phase and the water disperses in it are commonly hydrophobic. Hydrophilic polyHIPEs were produced by adding hydrophilic monomers to the HIPE's internal phase in w/o HIPEs [20, 21] .
In this paper, porous resins (PRs) were synthesized by HIPEs with phenolic resin precursor, methenamine, sodium persulfate, tween 80 and liquid paraffin. Then hydrophobic porous phenolic resins (HPRs) were prepared by modifying PRs with dopamine hydrochloride, 1-dodecanethiol and Fe 3 O 4 particles to achieve hydrophobicity and magnetic property. Fe 3 O 4 particles were adhered on the surface of the materials by the strong adhesion effect of polydopamine, which makes the materials easy to recycle. The hydrophobicity of PRs was improved by 1-dodecanethiol which reacts with the dopamine to render hydrophobicity to the surface of the PRs. The XRD, FT-IR, TGA, SEM, N 2 adsorption-desorption isotherms were used to characterize the morphology, physical and chemical properties and adsorption properties of the products.
Materials and methods

Materials
Phenol, formaldehyde, liquid paraffin, methenamine, sodium persulfate, tween 80, dopamine hydrochloride, 1-dodecanethiol and Fe 3 O 4 nanoparticles, ferric chloride, petroleum ether 30-60 ∘ C, toluene, cyclohexane and acetone were supplied from Aladdin reagent Co., Ltd (Shanghai, China). Bean oil was purchased from a local supermarket. Engine oil and gasoline were bought from a local gas station. Deionized water was used for all experiments. 
Instruments
Preparation of phenolic resin precursor
Phenol (7.2 g) was added into sodium hydroxide solution (12 mL, 0.02 g/mL). Then the above solution was trans-ferred in a round bottom flask stirred with a magnetic stirrer at a speed of 400 rpm at 43°C for 10min. Finally, formaldehyde solution (15 mL, 37%) was added, and the mixture was reacted at 73 ∘ C for one hour. Phenolic resin precursor was achieved after cooling to room temperature.
Preparation of porous resins (PRs)
Methenamine (0.15 g) and sodium persulfate (0.01 g) were added to the solution of phenolic resin precursor (5 mL, pH = 7.0) under stirring. After stirring at the speed of 600 rpm for 5 min, the solution was transferred to flask with three necks (250 mL). Then tween 80 (0.2 g) was added under stirring at the speed of 800 rpm to the solution and the stirring was continued for 5 min. After decreasing the stirring speed to 400 rpm, a certain amount of liquid paraffin (according to the proportion of continuous phase to dispersed phase) was added into the above solution at the rate of two drops per second. Then the obtained emulsion was transferred to the mould, sealed and heated in the water bath at 80 ∘ C for 24 h. The polymerization product was purified by Soxhlet extraction with petroleum ether 30-60 ∘ to remove liquid paraffin, surface active agent, non reactive monomer and other impurities. The porous resins (PRs) were obtained after drying for 24 h at 60 ∘ .
The preparation of hydrophobic porous resins (HPRs)
Because of the strong adhesion of polydopamine, the Fe 3 O4 particles were adhered on the surface of PRs by polydopamine. The obtained product became magnetic, which makes it convenient to recycle under magnetic field. In alkaline condition, the catechol groups were rich in polydopamine and were easily oxidized to quinoid structure. Then, the hydrophobic material was obtained by michael addition reaction [23] .
Orthogonal test L 9 (3 4 ) was used in order to optimize the technological parameters of the high performance oil adsorbing material. Independent variable factors included water-oil ratio (the volume ratio of continuous phase to dispersed phase), the dosages of 1-dodecanethiol, dopamine hydrochloride and Fe 3 O 4 particles. Factors and levels of orthogonal experiment are shown in Table 1 .
A certain amount of dopamine hydrochloride was dissolved in ethanol aqueous solution (50 mL, 1:1 (V/V)), and then the 1-dodecanethiol was added. After the solution was adjusted to pH 8.0 with sodium hydroxide solution or hydrochloric acid solution, Fe 3 O 4 particles were added. After 10 min's ultrasonic dispersion, PRs (1.00 g) was added. The solution was stirred at the speed of 600 rpm for 12 h (room temperature). The product was washed by deionized water and ethanol for 3 times respectively, and finally was dried at 60 ∘ C for 24 h to obtain hydrophobic porous oil adsorption resin (HPRs).
Characterization of HPRs
The morphology of the PRs and HPRs was examined with a scanning electron microscope (SEM, JSM-6480, JEOL, Japan) and element analysis was carried out by elemental analyzer. The crystal structures of the products were characterized by X-ray diffraction (XRD) analysis (Ulitima IV, Japan). Radial scans were recorded in the reflection scanning mode from 2θ = 10-90 ∘ with a scanning rate of 6 ∘ /min. The Brunauer-Emmett-Teller (BET) surface area and pore structure of HPRs were determined by a Micromeritics ASAP 2020 volumetric adsorption analyzer. FT-IR analysis was carried out in the range of 400-4000 cm −1 using a FT-IR spectrophotometer (Thermo Nicolet, NEXUS, TM) in KBr pellets. The thermal stability of HPRs was tested by the thermal gravimetric analysis (TGA), and the powder sample of HPRs (about 5 mg) was heated with a scanning rate of 15 ∘ C/min from room temperature to 800 ∘ under N 2 atmosphere. The contact angles of PRs and HPRs were measured through the Optical Contact Angle Measuring Device (KSV CM200), characterizing the changes of the water angle of PRs, HPRs and recycled HPRs.
The performance test 2.5.1 Oil adsorption rate
A certain amount of samples of HPRs (m 0 ) was added to oil or organic solvents for adsorption at a certain temperature. Then the samples were taken out after a certain period of time. After dripping for 5 min the weight of the samples (m 1 ) was measured. According to the formula (1) the oil adsorption rate Q of the material is calculated [24] .
Oil retention rate
A certain amount of samples of HPRs (m 0 ) was added to the oil for adsorption, and after adsorption saturation, the weight of samples (m 1 ) was measured. Next, the samples were transferred to centrifuge tube and centrifuged at a rate of 1000 r/min for 5 min and the weight of the samples (m 2 ) was measured. According to the formula (2) the oil retention rate K of the material is calculated [25] .
Recycling eflciency
Hydrophobic oil adsorbing materials were purified by Soxhlet extraction with petroleum ether for 12 h to remove the adsorbed oily substances. Recycled HPRs was obtained after drying the materials for 24 h and the oil adsorption rate was measured again to evaluate the adsorption capability of the used HPRs.
Results and discussion
Orthogonal test analysis
Since various factors potentially influenced the adsorption properties of the synthesized HPRs, the optimization of the synthesis condition was critical for enhancing the efficiency of adsorption. In this study, orthogonal test L9 (3 4 ) was used to optimize the reaction condition. The results of orthogonal test are shown in Table 2 . It can be known from the Table 2 that the influencing factors of the adsorption properties of HPRs were water-oil ratio, the dosage of 1-dodecanethiol, the dosage of dopamine hydrochloride and the dosage of Fe 3 O4 particles in descending order. The optimum condition is A 3 B3C3D2: water-oil ratio was 1:5, the dosages of 1-dodecanethiol 40 µL/g, dopamine hydrochloride 10%, Fe3O4 particles 20%.
X-ray diffraction analysis (XRD)
The Fe 3 O 4 particles prepared by the solvothermal method are black powders, and the XRD pattern of Fe 3 O 4 particles is presented in Fig. 1 . As it can be seen from Fig. 1 
Infrared spectrum analysis (FT-IR)
FT-IR was used to study the functional groups of PRs as well as HPRs. The FT-IR spectra of PRs (a) and HPRs (b) are shown in Fig. 2 . The broad adsorption peak at 3420 cm −1 corresponds to the stretching vibration peak of phenolic hydroxyl and the stretching vibration peak of amino N-H bond. The adsorption peak at 3010 cm −1 , 2920 cm are peaks of C-N. The N-H surface bending vibration peak is at 670 cm −1 . PRs have a weak vibration peak of N-H due to the presence of N-H groups in the crosslinking agent methenamine. However, in comparison with PRs, the N-H vibration peak of HPRs is stronger than that of PRs. The reason is that during the modification reaction, dopamine hydrochloride molecules take place self-polymerization to produce polydopamine and the obtained polydopamine molecules, which cover on the surfaces of the materials to strengthen the out-of-plane bending vibration peak of N-H. 
Thermal gravimetric analysis (TGA)
The TGA curves of PRs and HPRs are shown in Fig. 3 . It can be seen from the figure that the thermal weight loss process of PRs and HPRs can be divided into four stages. The loss from room temperature to 160°C is due to the loss of water or small molecules, and the loss of PRs and HPRs are both ca. 2.5%. From 160 ∘ C to 330 ∘ C, the weight loss is due to the further crosslinking of the resin, the condensation reaction of hydroxymethyl derivatives or the removal of hydroxymethyl groups, which release water, formaldehyde, phenol and so on. At this stage, the crosslinking density of the resin is the biggest and the structure of the resin is stable, and the loss of PRs and HPRs are both ca. 15%. From 330 ∘ C to 600 ∘ C, the weight loss ratios of PRs and 
SEM micrographs of HPRs
The morphology of PRs and HPRs was characterized by using SEM. 
Energy spectrum analysis (EDS)
The energy spectrum diagrams of PRs (a), NPRs (b) and HPRs(c) are shown in the Fig. 5 .
The main elements of the unmodified PRs and NPRs that are obtained by reacting PRs with 1-dodecanethiol and Fe 3 O 4 particles are only C and O, which come from porous resin. As for HPRs that are obtained by reacting PRs with 1-dodecanethiol, dopamine hydrochloride and Fe 3 O 4 particles, Fe and S elements also appear except C and O elements. From the result of the energy spectrum, it can be seen that the Fe and S elements do not appear in NPRs, suggesting that 1-dodecanethiol and Fe 3 O 4 particles have not been modified successfully onto the surfaces of NPRs. This implies that the existence of dopamine hydrochloride is essential for the modification reaction. The self-polymerization of dopamine hydrochloride leads to that 1-dodecanethiol and Fe 3 O 4 particles were anchored successfully onto the surfaces of HPRs. 
Contact angle test and analysis
The water contact angles of PRs and HPRs are shown in Fig. 6 Fig. 7 shows N 2 adsorption-desorption isotherms of the HPRs. It shows that the adsorption isotherm of HPRs belongs to type IV adsorption isotherm. At the beginning, it is mainly single molecule layer adsorption, followed by multi-molecular layer adsorption and capillary condensation occurs in the medium pressure area. From the figure it can be seen that the range of hysteresis loop is wide and hysteresis loop starts from the low pressure area, indicating that a large number of pores appear in HPRs and the sizes of the pores are not uniform. The porous parameters of HPRs, HPRs-1 and HPRs-5 are listed in Table 3 . The BET specific surface area (15.06 m 2 /g) and pore volume (0.0349 cm 3 /g) of the HPRs-1 are higher than those of the HPRs (BET specific surface area (12.06 m 2 /g) and pore volume (0.0314 cm 3 /g)). This may be due to the closed pores are dredged after adsorption of toluene once. However, after five times recycles, the specific surface area and pore volume are reduced. After one recycling experiment and five recycling experiments, the pore diameter reduced from 11.26 nm to 9.72 nm and 9.64 nm, which may be caused by the incomplete removal of toluene which blocks the channels.
N 2 adsorption-desorption isotherms
The change of the oil adsorption rate with the time
HPRs is an oil adsorbing material that has adsorption ability because of van der Waals force between HPRs and oil molecules. During the adsorption process, oil molecules spread to the surface of the HPRs by molecular diffusion and then oil molecules are adsorbed by the lipophilic groups on the HPRs. At the beginning, the oil adsorption rate is fast, but with the increasing of time, the oil adsorption rate slows down. The changes of the oil adsorption rate with the time for different oily substances are shown in Fig. 8 . The oil adsorption rate increases rapidly during the first one minute and then it increases slowly over the time. Different types of oily substances are examined in the experiments and the results are similar. The oil adsorption rates within 1 minute for engine oil, bean oil, cyclohexane, acetone, gasoline and toluene are 9.551 g/g, 9.360 g/g, 8.252 g/g, 10.773 g/g, 8.398 g/g and 9.956 g/g, respectively.
The oil adsorption rate reaches more than 80% of the highest oil adsorption rate in the first minute. With the increasing of time, the oil adsorption rate increases, while the increment is not very obvious. Eventually, the oil adsorption rates for engine oil, bean oil, cyclohexane, acetone, gasoline and toluene are 10.444 g/g, 10.022 g/g, 9.077 g/g, 13.432 g/g, 10.787 g/g and 11.638 g/g. This suggests that the HPRs can quickly adsorb oily substances, which makes it easy to remove oily substances in practical application.
The oil adsorption rate of PRs and HPRs for different oily substance
The oil adsorption rates of PRs and HPRs for different oils are shown in Fig. 9 . It can be seen that the oil adsorption rates of HPRs with hydrophobic modification for different oily substances are higher than that of unmodified PRs. The oil adsorption rate of HPRs for acetone is the highest, followed by for toluene, gasoline, engine oil and bean oil, and the oil adsorption rate of HPRs of cyclohex- Note: SBET is the BET specific surface area. V t is the total pore volume determined at the relative pressure of 0.99. DBJH is mean pore diameter of BJH calculated by the desorption branches of the nitrogen sorption isotherms. ane is the lowest. After modification, the oil adsorption rate for acetone increases from 9.048 g/g to 13.432 g/g. HPRs have higher oil adsorption rate for small molecule oily substances. But for engine oil, bean oil, gasoline and other long-chain oily substances, the oil adsorption rate decreases because the long-chain oily substances are not easy to enter the channels of the HPRs. The oil retention rates of HPRs for different oils are shown on Table 4 . HPRs have a high oil retention rate for nonvolatile and high viscosity oily substances. On the contrary, HPRs has a low oil retention rate for volatile oils and small viscosity oily substances.
Recovery performance of HPRs
The oil adsorption rates of the freshly prepared and the recycled HPRs for toluene are shown in Fig. 10 . According to the result of Fig. 10 , the oil adsorption rate of the freshly prepared HPRs is 11.765 g/g. The oil adsorption rate reduces to 11.436 g/g after one recycling experiment. With the increase of recycling times, the oil adsorption rate reduces may be due to the destruction of the three-dimensional interconnected pore structure and 1-dodecanethiol falling off from the surfaces of HPRs in the process of oil adsorption and regeneration. However, the oil adsorption rate of HPRs after three cycles is still 87.32% of that of the freshly prepared HPRs. It shows that HPRs maintains a good stability. 
